Gyali is a small volcanic island with a surface of 4.63 km 2 in the SE Aegean Sea. Flora and vegetation of its main natural ecosystems and their ecological conditions are examined. The main vegetation units on Gyali are: Pinus brutia forest, scrubs and phrygana, psammophilous and halophytic communities. A total of 241 native taxa (species and subspecies) are reported, including 149 new records for the island. Analysis of the flora based on ecological indicator values shows that 29 % of the taxa are indicators of extreme warmth and 72 % of very dry or dry habitats. 43 % are acidophilous or calcifuge taxa and 45.2 % halotolerant taxa, or facultative or obligatory halophytes.
Introduction
Gyali is a small volcanic island situated in the SE Aegean. The island is covered with forest, scrubs and phrygana, and lacks agricultural cultivation and permanent inhabitants, except workers of the pumice quarries. Traces of previous agriculture (old terraces) as well as few ancient ruins can be discerned in parts of the island and goats grazed on the island until the end of 1998. Presently, the only human activity affecting the environment is the open-pit exploitation of pumice stone on the SW hill.
Gyali belongs to the group of small SE Aegean islands whose flora is not well known and has, in many cases, floristic peculiarities. The knowledge of these peculiarities aids the comprehension of the distribution patterns of species in the Aegean area. The variety of vegetation types observed from one island to another could help comparative studies to estimate the influence of environmental and ecological factors on the present vegetation composition and physiognomy. Papatsou (1975) has studied the flora of the island, mentioning all previously known floristic data including the references to Gyali in "Flora aegaea" (Rechinger 1943) . All available references to the island were also incorporated in Davis (1965-88) .
In this paper, the island's flora is listed and its vegetation briefly discussed. The Pinus brutia forest, which is continuously receding from the Mediterranean region in general, covers roughly half the island and is of particular interest. It represents a natural, isolated population and is the only known forest of this species to grow on perlite and pumice substrates and on such a small island.
Study area
Gyali is situated between the islands Nisyros and Kos in the SE Aegean Sea. The island is characterized by two hills of 180 m altitude in the NE and 175 m in the SW, which are connected by a low, narrow ridge (Fig. 1) . The island is orientated SW-NE, approximately 5.4 km in length and has a surface of 4.63 km 2 .
Gyali is located on the eastern edge of the Aegean volcanic arc and composed of volcanic rocks (Pentarakis & Markoulis 1974) . The NE hill consists of volcanic rocks and rhyolites (perlite) with small, scattered concentrations of glass (obsidian); on its southern slope is a small patch of pumice. It is to the obsidian that the island owes its present name (in Greek, gyali means glass). The SW hill consists of aeolian, intermediate and basic pumice rocks, suggesting a sedimentary pyroclastic geological sequence. Under the pumice are clay, calcarenite and fragments of various volcanic rocks (mainly pumice) cohesed with calcium carbonate. The northern half of the east slope has a narrow coastal strip of loose sedimentary material (sand and pebbles) , and the ridge connecting the two hills is of the same material.
Three soil groups are found on the island, according to the parent material: 1) Soil on perlite. These soils are generally shallow (less than 30 cm deep), but reach 30-60 cm on some gentle slopes or sites covered with vegetation. They have a sandy or sandy-loamy texture and the pH (1:1 soil-H 2 O ratio, determined by glass electrode) ranges between 6.14 and 7.2.
2) Soils on pumice. These soils are usually medium deep (30-60 cm) or deep, except those on the steep hill slopes which are shallow. Their texture is sandy to sandy-loamy and the pH values range from 7.5 to 8.3, increasing with depth.
3) Soils on coastal deposits. These are not real soils but consist of medium to coarse-grained sand, with very little loam and clay, and small quantities of calcium carbonate. They are very poor in organic matter and have a slightly basic pH.
There is no meteorological station on Gyali. The meteorological data of Kos (National Meteorological Service) are presented in Table 1 and are considered representative of the climate on Gyali. The mean annual precipitation is about 754 mm, of which 463 mm are received in winter, while the summer is almost dry (5 mm). The drought period is rather extensive and lasts from mid-April to September (Fig. 2) . The dominant winds in the area blow from the north and severely affect the whole island due to its small size.
The bioclimate of Gyali was determined using the xerothermic index (Mavrommatis 1980) and the Emberger coefficient (Emberger 1955 (Emberger , 1959 . According to the xerothermic index (x), the island belongs to an intense thermo-mediterranean type (125<x<150 biologically dry days), whereas the Emberger-coefficient assigns it to the wet zone with warm winter.
Material and methods
This paper is based on fieldwork of the authors carried out in spring and autumn between 1994 and 1999. After surveying the island and studying aerial photographs, we distinguished the main vegetation formations and made several plant sampling collections. Vouchers of the authors' collection are deposited in the herbarium of the Institute of Mediterranean Forest Ecosystems and Forest Products Technology, in Athens.
Species were identified using "Flora europaea" (Tutin & al. 1968-93) and "Flora of Turkey" (Davis 1965-88) . Nomenclature follows "Flora europaea" and " Med-Checklist" (Greuter & al. 1984 , 1989 . The definition of the chorological types follows Pignatti (1982) , and Raunkiaer's system (Raunkiaer 1934 ) was used to produce life-form spectra and rank taxa into life form categories.
The ecological preferences of the taxa were taken from Böhling (1995) , so far available, since 213 (88.8 %) of the taxa found on Gyali occur also on Naxos.
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Flora
The vascular flora of the island Gyali comprises 241 native taxa of vascular plants belonging to 55 families, 178 genera, 196 species and 45 subspecies. Four of the taxa are pteridophytes and 237 are spermatophytes (Table 2) . 149 taxa are new records for the island, compared to Papatsou (1975) and Davis (1965-88) Of the 55 vascular plant families present on Gyali, seven dicotyledonous and two monocotyledonous families, thus 16.3 % of the families recorded, are represented by more than five species or subspecies. Together these nine families comprise 150 taxa (Table 3) or 62.2 % of the island's vascular plant flora. Leguminosae, Compositae and Graminae and the other families of Table 3 are among those best adapted to the ecological conditions of the Mediterranean region. Indeed, many other floristic studies of insular and continental Greece (Brofas & Karetsos 1992 , Carlström 1987 , Christodoulakis 1986 , Georgiadis 1983 , Georgiadis & al. 1986 , Panitsa 1997 , Panitsa & al. 1994 have confirmed that these families are the richest in taxa in the Greek flora.
The life-form spectrum of the island's flora is presented in Table 4 . Therophytes predominate and make up 58.9 % of the flora; chamaephytes follow with 14.9 % and hemicryptophytes with 10.4 %.
For the chorological analysis, all taxa were classified into three chorological units. The widespread unit includes mainly cosmopolitan-subcosmopolitan, paleotemperate, paleotropicalpaleosubtropical and Mediterranean-Turanian taxa. The Mediterranean unit consists mainly of eury-Mediterranean, steno-Mediterranean and E Mediterranean taxa, and the endemic unit consists of taxa endemic to the Aegean islands. The results of the floristic analysis are presented in Table 5 and show that the Mediterranean unit dominates with 70.1 %. Widespread taxa account for 29.1 % of the flora. The endemic unit has only 0.8 % and is represented by Limonium graecum subsp. ammophilon (E Aegean endemic) and Filago cretensis subsp. cycladum (Aegean endemic). An additional analysis was made with respect to the indicator values proposed by Böhling (1995) for Naxos. These values seem to be transferable to the Gyali flora. The vascular flora of Gyali was accordingly assigned to ecological groups on the basis of warmth (W), moisture (F), soil reaction (R) and salt stress tolerance (S), as presented in Table 6 . Our results show that 29 % of the taxa are indicators of extreme warmth and 72 % indicators of very dry or dry habitats. Acidophilous or calcifuge taxa account for 43 % of the taxa, and 45.2 % are halotolerant, facultative or obligatory halophytes.
Vegetation
Four different vegetation formations, which are distinguished by vegetation structure and dominant species, characterize the island (Fig. 3) : a) Pinus brutia forests, b) scrubs and phrygana, c) psammophilous, and d) halophytic formations covering very restricted areas.
Each formation and its main characteristics are briefly described below.
a. Pinus brutia forest
The Pinus brutia forest represents the only natural arboreal vegetation on Gyali. It occurs in broken stands and scattered trees on the NE hill, mainly on the eastern and northeastern slopes, while it covers the entire SW hill except the pumice stone quarry and a narrow coastal strip where bushes prevail. The forest is generally of uneven age with various degrees of canopy cover, although small, evenly aged stands may be found. Maximum measured tree age (by increment borer) is one hundred years. The forest grows from sea level to the hill tops and trees are (3-)6-7(-9) m tall with tabular crowns. In deep soils of ravines on the NE slope and the wind protected plateau of the SW hill, some trees reach 12 meters in height and have conical crowns. In contrast, on lower, northern slopes, which are exposed to strong winds, the trees have a bushy form and a height of less than three meters. Their canopies are flag-shaped and branches reach the ground. Based on the physiognomy of the understorey shrub layer and dominant species, the following vegetation types were distinguished: a1. Type with Pistacia lentiscus: It is found in restricted, non-degraded areas on the northwestern slope of the SW hill and is characterized by the dominance of P. lentiscus. Several other species participate in this formation, with lower frequency and coverage degree, such as Olea europaea subsp. oleaster, Ceratonia siliqua, Quercus coccifera, Arbutus unedo, Myrtus communis and Erica manipuliflora.
a2. Type with Erica manipuliflora: This type is found on the eastern slopes of the NE hill and the western slope of the SW hill, on shallow soils, and occupies roughly half the Pinus brutia forest. This understorey vegetation is thick and consists almost exclusively of E. manipuliflora. In some small openings, dispersed herbaceous species such as Psilurus incurvus and Aira elegantissima grow.
a3. Type with phryganic species: It occurs on the eastern and northeastern slopes of the NE hill and constitutes the open Pinus brutia formations (broken stands, scattered trees). It is characterized by the dominant phryganic species Cistus salviifolius, C. parviflorus, C. incanus subsp. creticus, Hypericum empetrifolium and Lavandula stoechas. Erica manipuliflora also grows in this type and is sometimes associated with species such as Olea europaea subsp. oleaster, Ceratonia siliqua, Quercus coccifera, Satureja thymbra, Anthyllis hermanniae and Thymelaea tartonraira.
According to their floristic composition, as referred above, the Pinus brutia forests belong to the association Ceratonio-Pistacietum lentisci Zohary & Orshan 1959 of the alliance CeratonioRhamnion Barbero-Quézel 1979 and the order Pistacio-Rhamnetalia Rivas-Martinez 1974 . Open Pinus brutia stands participating in a vegetation complex with phrygana communities could be assigned to the alliance Cistion orientale (Cisto-Micromerietea (-etalia) Oberdorfer 1954) . Pinus halepensis forests with similar floristics have been reported from the island of Euboea (Krause & al. 1963 ). Table 6 . Percentages of indicator values after Böhling (1995) for warmth (W), moisture (F), soil reaction (R) and salt stress (S) in the flora of Gyali.
The indicator value scales comprise eight units for moisture (F), five units for soil reaction (R) and four units for warmth (W) and salt tolerance (S). Value 1 reflects the lowest expression of a site factor, 4, 5 or 8 the highest. -Abbreviations: W 1: indicators of moderate cold, W 2: moderate warmth, W 3: warmth, W 4: extreme warmth; F 1: indicators of extremely dry habitats, F 2: very dry habitats, F 3: dry habitats, F 4: moderately dry habitats, F 5: medium moist (fresh) habitats; R 1: basiphilous species, R 2: calcicolous, R 3: slightly acid-slightly alkaline, R 4: acidophilous, R 5: calcifuge; S 1: halophobe species, S 2: halotolerant, S 3: facultative halophytes, S 4: obligatory halophytes; x = indifferent (no indicator properties). The Ammophiletum arundinaceae (class Ammophiletea) seems to be absent on Gyali, while the Eryngio-Elymetum farcti Gehu 1986 (Agropyretum mediterraneum Br.-Bl. 1933 ) is well represented. Species of the Cakiletea are also present but do not form their typical plant communities.
d. Halophytic formations
Halophytic vegetation is found only in very restricted areas. The only saline soils on Gyali cover an area of about 0.1 ha on the eastern edge of the SW hill, near the isthmus. This area is flooded periodically and dry during the summer.
Halophytic vegetation does not cover all the saline soil but grows in scattered patches. The vegetation of the inner area consists only of Limonium graecum subsp. graecum and subsp. ammophilon, while around the edges and on steep slopes Frankenia hirsuta and Parapholis marginata occur. Halophytic vegetation it also present on some low coastal areas covered periodically by waves.
Discussion and conclusions
Compared to other islands of the same size, the vegetation of Gyali is considerably diverse and this is mainly due to the Pinus brutia forest, which is the only one known to grow on perlite and pumice substrates and on such a small island. Small islands are covered usually with degraded bushes and phrygana only. The preservation of this forest is probably associated to the lack of permanent human inhabitants and the easily weathering substrate, which aids the creation of topsoil and easy root penetration and regeneration.
The Gyali Pinus brutia forest represents an isolated natural population. It is among the lowest forests of the species and falls into the lowest site-quality class of P. brutia in Greece (Tziovaras & Apatsidis, unpublished data). The forest is dominated by trees with tabular crowns, while in few parts of the island with deep soils some trees reach 12 meters in height and have conical crowns. According to Nahal (1983) , the tabular crown form appears in old age but it is also associated with site fertility. In sites with low fertility, height growth stops early (50-60 years) and tree crowns become tabular in shape. In fertile sites height growth continues further (80-90 years) and the crown remains conical.
The understorey vegetation differs from that of other Pinus brutia forests known presently in Greece. It shows some affinity with degraded P. brutia forests on Crete (Barbero & Quezel 1980) but is very similar to the understorey of Ceratonio-Pinetum brutiae on the Aegean coastal region of Anatolia (Zohary 1973 ).
Pure scrub formations have a very limited distribution on Gyali and consist of typical species of the Ceratonio-Pistacietum association. They are usually mixed, in various degrees, with phrygana communities that cover much larger areas. The restricted bush formations and significant presence of phrygana have resulted from the combination of harsh ecological conditions and human activities, lasting from the Neolithic period up to present (Samson 1988) . This combination has greatly affected the physiognomy and composition of the vegetation. The island's phrygana is secondary and represents degraded stages of the Pinus brutia forest and scrub communities. Their presence in abandoned fields shows the progressive re-establishment of the natural vegetation. On Gyali, abandoned fields are dominated by Lavandula stoechas and other phrygana species, but not by Sarcopoterium spinosum (Rechinger 1951 , Panitsa & al. 1994 . It is possible that L. stoechas communities constitute a successive stage of a previous plant community, since the fields have been abandoned for many years. L. stoechas is a characteristic species of acidic soils but grows on Gyali on soils with a pH >7.
The absence of Juniperus phoenicea from Gyali is rather surprising, as this species is very common in the East Aegean islands. However, J. phoenicea is also absent from the neighbouring island of Nisyros, which has a similar geology (Papatsou 1975) . Its absence is either due to the soil conditions or the destruction of a previous community and its subsequent inability to re-establish from elsewhere, due to its hardly dispersable diaspores. The absence of Quercus macrolepis, which grows on Nisyros and Kos, can be explained in the same way. Whereas the extinction of a species on the mainland may be temporary, on an island it may rather turn out to be permanent due to the lesser probability of its re-establishing.
On Gyali, vegetation of the sandy beaches is represented mainly by the Eryngio-Elymetum farcti association. The absence of the Ammophiletum arundinaceae association is due to the lack of well-developed dune formations. Halophytic formations are very restricted and with low species diversity. The dominant taxon is the local endemic Limonium graecum subsp. ammophilon, and low species diversity is probably due to the lack of more extended halophytic habitats.
The high proportions of the Mediterranean species and therophytes in the flora of Gyali indicate the Mediterranean character of the island. High numbers of therophytes are also attributed to human activities, especially grazing pressure (Barbero & al. 1990 ), which can cause important changes in floristic composition and vegetation structure (Pettit & al. 1995) .
The very low percentage of endemic taxa and the absence of chorological elements with distributions restricted to the East Aegean and the neighbouring coasts of Asia minor was rather expected. This can be attributed to the recent geographical isolation of the area. The low altitude (180 m maximum) and rather uniform geomorphology and climate of the island minimize the role of isolation as a floral differentiation factor even further.
Classification of the flora of Gyali based on the ecological factors of warmth, moisture, soil reaction and salt stress shows that about one third of the taxa are indicators of extreme warmth and more than two thirds of the taxa are indicators of extremely, very dry or dry habitats. These results reinforce the argument of harsh ecological and climatic conditions of the island.
Future studies on Gyali should include vegetation monitoring to help comprehending the ecological succession process in the harsh conditions affecting, particularly, small islands. For this reason, inventories of the flora and of taxa with special demands for warmth, moisture, soil reaction and salt stress, should be extended. This would provide the necessary data for an ecological evaluation of the Aegean islands, which is indispendable for the future conservation and management of this very sensitive insular region.
